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The performance data described in this report were obtained fran tests of 
a large-scale multi-fan-in-wing V/STOL transport model conducted a t  the NASA 
Ames Research Center VTOL Test Facility. Tests were conducted by North 
American Rockwell Corporation, Los Angdles Division, and NASA Ames Research 
Center in a cooperative program during July 1966. 
The analysis of data and preparation of this report were performed under 
NASA Ames Research Center Contract NAS 2-4352 during the period May through 
November 1967. 
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ABSTRACT 
Performance data obtained from s t a t i c  tests in  ground effect  of a large 
multi- fan- in-wing V/STOL Transport Model, conducted by North American 
Rockwell Corporation and NASA-Ames i n  a cooperative program, are described. 
The data include plots of propulsion systems performance, force and moment 
characterist ics,  and induced thermal conditions. Major test  variables were 
height above ground plane,  l if t /cruise (L/C) nozzle angle, fan louver angle, 
fan speed, L/C engine power, and operations with L/C nozzles and fans in 
combination, L/C nozzles alone, and fans alone. 
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ANALYSIS OF PERFOR?MCE CHARACTERISTICS 
I N  G R O W  EFFECI' OF A LARGE-SCALE 
V/STOL U T I -  FAN- IN-WING TRANSPORT MODEL 
By R.,J. Oberto, D. J. Renselaer, D. L. Alfano 
1 S r n Y  
I 
.? 
1 > 
An investigation has been conducted t o  determine the performance charac- 
t e r i s t i c s  of a large-scale multi-fan-in-wing V/STOL transport model i n  ground 
ef€ect. The model had a high-mounted 20-degree sweptback wing with three 
36-inch-diameter, General Electric X-376 t ip - turb ine  l i f t  fans  spanwise i n  each 
wing panel, and a 12.5-inch-diameter l i f t - c r u i s e  (L/C) nozzle extending from 
each s ide of '  the  fuselage,  s l ight ly  below and forward of the wing. Four 
YJ85-5 engines, mounted inside the fuselage, provided propulsion power: two 
i n  the upper-center fuselage for the fans, and two in the upper-forward 
fuselage for the (L/C) nozzles. Engine in l e t s  were located on the top side 
of the fuselage: one above the wing, and the other above the forward fuselane. 
Tests were performed a t   t he  NASA Ames Research Center VTOL Test Facility. 
A scissors  jacking system provided height and angle-of-attack adjustments 
re la t ive to  the tes t  s tand 's  78 x 80-foot steel ground plane, Load ce l l s  con- 
tained at three support points of  the model provided force and moment mea- 
surements, Remtely controllable sets of louvers or vanes on the discharge 
side of each fan enabled fan exhaust to  be vectored from 15 degrees forward 
to  80 degrees a f t  of vertical. Lift-cruise nozzles were manually vectorable 
from 15  degrees forward to  90 degrees a f t  of  ver t ical .  
Tests with symmetrical combinations of two, four, and six fans alone; 
L/C nozzles alone; and combined operation of fans and L/C nozzles were per- 
formed. Primary test  variables were model height, fan louver angle, L/C 
nozzle angle., fan speed, L/C engine power, and angle of attatk. 
.Test results indicate force and pitching moment characterist ics,  pro- 
pulsion component performance, and induced thermal conditions. 
INTRODUCTION 
Knowledge and understanding of the operational problems of VTOL a i r c ra f t  
in  close proximity to   the  ground are   essent ia l   to  VTOL a i r c ra f t  development. 
Operational problems such as ingestion of hot gases by propulsion components 
can resul t  in cr i t ica l   th rus t   losses ,  engine overtemperature, or  engine s t a l l  
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conditions. Improper location of multiple propulsion components i n  an a i rc raf t  
configuration result in  thrust losses due to interference effects. Ibwnwash 
interactions  in near-ground operation can cause negative  or  variable  positive 
and negative l i f t  effects and moment imbalance on the aircraft, These adverse 
effects can be minimized by the choice of aircraft configuration. Known 
losses which pers i s t  must be compensated fo r  and acceptable takeoff and landing 
techniques m u s t  be developed to woid the excessive development of adverse 
conditions. 
For VTOL a i r c ra f t  intended for operation from unprepared, unclean, 
natural sites, additional problems t o  be considered are foreign object 
ingestion, obscured vision from induced dust clouds, ground erosion, and 
adverse effects on surrounding f a c i l i t i e s  and personnel. These problems may 
be minimized by the choice of aircraft configuration and by the employment of 
operating techniques. 
Investigation of these problems using large-scale models and propulsion 
components provides a realist ic appraisal  of performance. Test resul ts  so 
obtained can provide a real basis for design decision. With these advantages 
i n  mind, the North American Rockwell Corporation joined i n  a cooperative 
program with NASA-Ames to  investigate  the near-ground performance character- 
istics of the large-scale model of a multi-fan-in-wing V/STOL transport  air-  
c r a f t   a t   t he  Ames outdoor WOL test fac i l i ty .  
The model iixorporated three tip-turbine fans i n  each wing panel and a 
s ing le  side-mounted l i f t / c ru i se  (L/C) nozzle on each side of the forward 
fuselage. A total of four YJ85-5 engines mounted inside the fuselage pro- 
vided propulsive power: two engines generating gas for driving the six 
t ip-turbine l i f t  fans and two engines for  L/C nozzle operation. Engine in le t s  
were located on top of  the fvselage. 
Results presented indicate model force and moment characteristics, pro- 
pulsion system performance, and induced thermal conditions. Major test 
variables were ground height, fan louver angle, L/C nozzle angle, fan speed, 
L/C engine power, angle of attack, operations with fans alone, L/C nozzles 
alone, and combined fans and L/C nozzles. 
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SECTION I 
M3DEL AND APPARATLJS 
Model 
A photograph of  the model mounted on the outdoor s t a t i c  test stand at the 
NASA  mes Research Center is shown in figure 1. Figure 2 is a general 
arrangement drawing of the mdel with pertinent.dimensions. The modei, .con- 
structed of s t ee l ,  had an overall length of about 48 f ee t ,  a wing span of 
nearly 36 fee t ,  and a weight of approximately 37, 000 pounds. 
Wing. - The wing was mounted high on the fuselage. The wing had an aspect 
r a t io  of 3.43, a taper  ra t io  of 0.47, a dihedral of -6 degrees, a 20 degree 
sweepback at  the quarter  chord l ine ,  and an area of 368.5 square feet. Wing 
incidence was 2.92 degrees a t  the  root  and 0.22 a t  t he  t i p .  The a i r f o i l  
section was a NACA 65A211. An 18 percent chord s ingle-s lot ted t ra i l ing edge 
f lap extended in  two 60-inch and one 56-inch segment from the fuselage to  the 
wing t i p .  
Fuselage. - The fuselage, which w a s  f la t  s ided.with rounded corners, was 
427.7  inches long with a maximum depth of 88 inches and a maximum width of 
69.6 inches. The in le t s  for  the  l i f t -c ru ise  engines were located in the 
forward fuselage while the inlets for the engines driving the l i f t  fans were 
located above the fuselage in the wing center section. The structure simu- 
lating the wheel fa i r ings and wheels was detachable. 
- Tail. - The hor izonta l   t a i l  had an aspect  ratio of 3.27, a taper   ra t io  
of 0.33, a dihedral of 22.5 degrees, an area of 96.07 square feet, and a span 
of 17 .71  fee t .  The horizontal  ta i l  w a s  pivoted about the 57 percent chord 
l ine.  The v e r t i c a l  t a i l  had an aspect ratio of 1.17, a taper ratio of 0.46, 
an area of 50.61 square f ee t ,  and a 7.67-foot span. 
Propulsion System 
Four YJ85-5 turbojet engines (two for simulating lift-cruise engines and 
two for driving the six General Electr ic  X-376 l if t  fans in the wing) w e r e ' i n -  
stalled in the fuselage of the model. 
Lift-cruise engines. - Two YJ85-5 engines were mounted in  the forward 
fuselage and exhausted through nozzles on each side of the fuselage. The 
nozzles were approximately 12.5 inches in diameter and were vectorable fran 
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15 degrees forward of vertical to 90 degrees aft  (horizontal). The center 
of rotation of the nozzles was at fuselage station 120.75 and waterline 160.50 
as shown in  figure 2. 
L i f t  fan. - Six X-376 l i f t  fans were completely enclosed in  the wing. 
The fans were driven by the exhaust from two YJ85-5 turbojet engines. Each 
engine exhausted into a plenum chamber. IXlcting ran from each plenum chamber 
to drive the three fans in each wing panel  as  i l lustrated in  f igure 3. 
Remotely controllable trimer valves were located in the ducting from the 
plenum chamber to adjust the exhaust flow t o  each fan for control of fan 
speed and engine exhaust gas temperature. Each plenum chamber also had an 
exhaust tailpipe including a t r i m e r  valve t o  allow excess exhaust t o  be 
dumped overboard. 
The  X-376 fans were high thrust-to-weight ratio, single-stage, tip- 
turbine-driven l i f t  fans. The fan tip diameter was 36.1 inches with a hub 
diameter of 16.2 inches. Fan design speed a t  sea  leve l  was 4074 rpn at a 
pressure ratio of 1 .l. The tip turbine is located radially outboard of the 
fan t i p  and absorbs power over approximately 167 degrees of the circumfer- 
ential  turbine arc.  The turbine scroll net entrance flow area was a nominal 
34 square inches. The fans rotated in  a clockwise direction when viewed from 
above the model. 
A cascade of 1 4  ex i t  vanes o r  louvers was mounted in   the  exhaust of each 
fan. The louvers were used for vectoring the fan exhaust and for closing the 
wing undersurface. Each louver airfoil  had a chord length of 4.06 inches, a 
maximum thickness of 1 0  percent chord at 20 percent chord, and had a maximum 
of 2.3 percent chord camber of the mean l i n e  a t  35 percent chord. The louvers 
spanned the rotor and the t ip turbine sections of the fan. Louver deflections 
of -15 degrees to  80 degrees were attainable. 
The inboard fan centerlines were located at wing s ta t ion 65.90 (30.7 
percent semispan), fuselage station 234.44 (44 percent of local wing chord). 
I h e  center fan centerlines were located a t  wing s ta t ion 116.90 (54.4 percent 
semispan) , fuselage station 246.53 (42 percent of local wing chord) . The 
outboard fan centerlines were located at wing s ta t ion 67.90 (78.2 percent 
semispan), and fuselage station 258.62  (39 percent of local wing chord). The 
plane of the center and outboard fan w a s  para l le l   to   the  wing reference plane 
The inboard fan was t i l t e d  3 degrees 35 minutes front up. 
Test Facil i ty 
The test program was conducted a t   the  NASA-Ames Research Center S ta t ic  
Test Facil i ty.  The test f a c i l i t y  provided a three-point support of the 
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model:  near  the  midspan of each  wing,,  and  at  an  aft  location  under  the  tail. 
The three-point  support  system  contained  load  cells  for  measurement  of  forces 
and  moments. A scissors  jacking  system  provided  height  and  angle  of  attack 
adjustments  of  the  model  relative  to  the  ground  plane.  The  ground  plane  for 
the  test  stand  was  steel  deck  approximately  80  feet  square.  Instnkenta- 
tion,  power,  and  control  lines  were  routed  from  the  model  underneath  the  steel 
deck t o  control  panels  and  data  recorders  located in s veral  house  trailers 
adjacent  to  the  test  stand. 
Instrumentation 
Force  and  Moments. - Lift,  thrust,  and  pitching  moment  data  were  measured 
by  the  static  facility  support  strut  load  cells.  Mounting  pads  on  the  model 
provided  strut  tread  of  187  inches  under  the  wings,  and a spacing of 158 
inches  between  the  main  and  tail  strut  attachments.  The  tail  strut  attach 
point  was 39.6 inches  below  the  main  strut  attach  point  at  model  angle  of 
attack  of 0 degrees. 
Controls. - The  operation  of  the  four  YJ85-5  jet  engines  and  the  six  lift 
fans  was  remotely  controlled.  Each  YJ85-5  jet  engine  was  controlled  using a 
remote  control  throttle  actuator.  Each  engine  was  instrumented  with a tachom- 
eter, EGT harness,  fuel  and  oil  pressure  sensors,  oil  temperature  sensors, 
throttle  position  potentiometer,  and a vibration  pickup.  These  data  were  dis- 
played  on  the  engine  control  panel. 
The  six  lift  fans  were  controlled  using trimer valves  in  the  hot  gas 
ducting  in  combination  with  valves  in  the  excess  exhaust  ducting.  These 
valves  were  remotely  actuated  to  obtain  matched  operation  of  the  fans.  Each 
fan  was  instrumented  to  measure  rpm,  bearing  temperature,  front  frame  tempera- 
ture,  and  fan  vibration.  These  data  were  displayed  on  control  panel. 
The EGT and  rpm  of  each  engine  and  the  rpm  of  each  fan  were  recorded  for 
each  data  point. 
The  model  was  equipped  with  remote  control  actuation  of  the  fan  louvers. 
The position  of  the louvers of  each  wing  fan  was  measured  by  autosyn  trans- 
mitters  and  displayed  on a control  panel. 
Temperature  Measurement. - Thermocouples  installed  on  the  model,  ground 
plane,  and  in  the  flow  field  were  located as shown in figures 4 through 9. 
Al thermocouples  were  chromel-alumel  wire (30 gage). The calorimeters  in- 
stalled on the  model  were  similar  in  design  to  that  shown in figure 10. These 
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calorimeters were for   the purpose of determining structural heating rates and 
heat transfer  coefficients.  
Temperature data recording equipment included three 30-channel osci l lo-  
graphs and four 24-channel Brown Recorders. Engine . i n l e t  (compressor face),  
lift fan   in le t ,  and calorimeter temperatures were recorded by oscillographs 
t o  provide continuous temperature-time traces. h e   t o  equipment malfunction, 
most of these results were los t .  All other temperatures were recorded by 
Brown Recorders which provided a point reading for each thermocouple a t  
approximately 30-secand intervals.  
Al temperature recorders were s ta r ted   p r ior   to  engine s t a r t   f o r  each 
test run to  es tab l i sh  a "zero" reading for  each thermocouple. In the case 
of a cold s ta r t   t es t   o r   f i r s t - run-of - the-day   tes t ,   the  "zero" reading was 
essentially equivalent to ambient temperature. This method  was used to estab- 
l i s h  a reference temperature line for each oscillograph temperature trace. 
To minimize d r i f t   o r   sh i f t i ng  of the temperature trace resulting from osci l lo-  
graph wannup, the oscillographs were maintained in  a standby operating 
(warmed up) condition between t e s t  runs. Each oscillograph channel w a s  Cali- 
brated by measuring the amount of deflection when alternately recording the 
temperature of ice water and boiling water. 
Estimates of engine i n l e t  temperatures and fan inlet temperatures were 
provided by Brown Recorder temperature readings from the array of thenno- 
couples located forward of the engine in l e t s  and above the wing leading edge. 
Pressure Measurement. - The model w a s  instrumented with 398 to t a l  and 
s ta t ic  pressure taps  for  the purpose of measuring fuselage, wing, and fan 
entrance bellmouth s ta t ic  pressures  and gas generator inlet, fan inlet and 
discharge, scroll entrance, L/C nozzle exit, and excess exhaust nozzle t o t a l  
pressures. Additional pressure instrumentation included 10  total  pressure 
probes mounted  on the model and 38 flow field rake pressure probes. Pressures 
were recorded during each tes t  point  by  means of 48-port scanivalves. The 
scanivalves were instal led in the forward fuselage of the model, and each 
scanivalve used a pressure transducer of a given pressure range. The pressure 
transducer ranges were *2-1/2, 25, and *25 psid depending on the measurements 
of the particular scanivalve. 
The 10 total   pressure probes which were directionally  adjustable were 
mounted on the fuselage to measure surface  veloci t ies   in   the  vicini ty  of the 
calorimeters for the purpose of further defining the structural thermal 
environment. The 38 rake-pressure probes were contained in  four  total  head 
rakes. Two of these rakes were 6-foot horizontal rakes w i t h  adjustable 
height for the purpose of measuring the model propulsion downwash.  The 
other two rakes were 2-foot vertical rakes, with adjustable height, for 
measuring ground velocity profiles. Locations of these rakes and probes 
are shown i n  figure 8.  
6 
Total pressure instrumentation was provided a t  the fan face (rotor  inlet)  
on the center and outboard fans, but not on the inboard fan since this fan, 
as well as  the left-hand inboard fan, w a s  on loan t o  the t e s t  program from 
another agency. 
Fan discharge total pressure instrumentation (downstream of fan stators) 
was provided for  all three fans. In addition, static pressure taps a t  the 
fan discharge were located a t  the hub and perimeter. 
The fan bellmouth in l e t s  of the three right-hand wing fans were instru- 
mented with static pressure taps a t  circumferential locations along various 
fan radian lines. A t  each radian line, there were from one to  four  s ta t ic  
taps located angularly on the bellmouth, from zero degrees a t  the top to 
90 degrees in the plane of the fan face. 
Hub static pressure taps were provided a t  the fan inlets of the center 
and outboard fans. These taps were placed in the plane of the rakes circum- 
feren t ia l ly   to  correspond with the total pressure rake positions. 
Other s t a t i c  and total pressure instrumentation was provided a t  the fan 
scroll  entrance to the center and outboard fans, a t   t he  L/C nozzle exit on 
the right side,  and i n   t h e   a i r   i n l e t  and exhaust plenum of the right-hand gas 
generator. Both r ight-  and lef t -s ide excess exhaust nozzles incorporated 
pressure rakes. 
Pressure measurements were recorded by an automatic data gathering system 
which stored the data on punched cards. In addition, eight strip chart 
recorders were provided for visual monitoring of the individual pressures. 
The automatic data system was capable of reading and recording a l l  pressures 
i n  about 50 seconds. 
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SECTION I1 
TEST PROGRAM 
A t o t a l  of 55 test runs, as described in table I ,  were performed a t   t he  
NASA-Ames Static Test  Facil i ty.  Each t e s t  run comprised a ser ies  of data 
points. Test run number 10, for  example, consisted of data points 10.1 
through 10.8. Data points 10 .1  through 10.4 correspond respectively to varia- 
tions in fan louver angle, Bv, of 0, 10, 20, and 30 degrees in the order l isted 
in table I. Data points 10.5 through 10.8 correspond respectively to settings 
in L/C power of 80, 85, and 90 percent as listed. Wind d i rec t ion  l i s ted  in  
table I w a s  measured clockwise from the heading of model such. that  0 degrees 
indicates  a head wind. 
The 55 test runs required 10 days of testing. The testing period during 
each day was usually  limited  to  the  early morning hours when wind veloci t ies  
were less than 6 miles per hour. Wind velocit ies during late morning hours 
usually increased to levels above 10  miles per hour and persisted  for  the 
remainder of the day. 
The test procedure w a s  t o   s t a r t   t he  YJ85-5 engines one a t  a time and to  
increase power t o  50 percent. The engine s ta r t ing  began with the left-hand 
L/C erigine and was followed sequentially by the right-hand L/C engine, l e f t -  
hand fan engine and fans, and right-hand fan engine and fans. Each engine 
s t a r t   t o  50 percent power required from 30 t o  60 seconds. After observing 
a l l  engines to  be functioning properly, the L/C engines were s e t   t o   t e s t  
power conditions. This was followed by increasing power  on the fan engines 
and sett ing fan speed to the required level. Each of these operations re- 
quired approximately 30 seconds. The subsequent test run data points in- 
volving a change in the test  variable,  such as positioning of fan louver 
angle at set t ings of 0, 10, 20, and 30 degrees, were allowed a t h e  interval 
of approximately 60 seconds Eor data recording. The shutdown time between 
test runs varied from 20 minutes to  one hour, allowing fo r  adjustment in  
model height, angle of attack, L/C nozzle angle, and servicing of the model 
and test equipment. 
Minimum and maximum model heights of 2.65 fee t  and 9.0 feet represent 
the physical constraints of the test  facil i ty.  The model's wheels when a t  
the lowest model height of 2.65 feet  were approximately 13.8  inches above 
ground plane as shown in figure 7 .  
Note that percent engine or L/C nozzle power as used herein is in actual- 
i t y  percent engine speed. For example, t o  s e t  L/C engine power a t  90 percent 
means that the engine speed is 90 percent of maximum rated rprn. 
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It should also be noted that test conditions i n  constrained hover with 
fan louvers and L/C nozzles vectored af t   are   not   general ly  compatible with 
real  hovering situations.  Vectoring the nozzles and louvers a f t  would result  
i n  forward motion. The t e s t  performed in the progran a t  t h e  lowest model 
height at various vectored angles of the nozzles and fan louvers may be con- 
sidered representative of an engine test, a power buildup prior to takeoff, 
and of the beginning of a short  runway takeoff. Operations a t  o ther  model 
heights w i t h  vectored nozzles and fan louvers may represent momentary condi- 
t ions  a t  the  start of forward f l i gh t   a f t e r  a vertical takeoff. 
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SECTION I11 
TEST DATA AND RESULTS 
Test data and resu l t s  as presented cover three main areas of interest: 
force and moment characteristics, propulsion system component performance, 
and induced thermal conditions. 
Force and moment characteristics include l i f t ,  forward thrust ,  and 
pitching moment data as  a function of fan speed, engine power, fan louver 
angle, angle of attack, model height, L/C nozzle angle; and various propulsion 
configuration such as two, four, and six fans alone, L/C nozzles alone, and 
combined operation of fans and L/C nozzles. 
The data relating to induced thermal condition concern hot gas ingestion, 
flow f i e l d   a i r  temperatures, structure temperatures, ground surface tempera- 
tures,  and heating rates. Some flow field pressure data are also presented. 
Propulsion system component performance data indicates fan mlet and discharge 
pressure distributions, fan characteristics, L/C engine thrust ,  and fan gas 
generator inlet performance. 
Force and Moment Characteristics 
Operations with Lift Fans Alone. - The effect  of fan speed on l i f t ,   f o r -  
ward thrust ,  and pitching moment is- shown in figure 11 f o r  model heights of 
2.65, 4.45, and 9.00 fee t  and a fan exit louver angle of  zero degrees 
(vertical position). Figure 11 also shows the effect  of fan speed a t  a ground 
height of 2.65 and fan exit louver angle of 30 degrees. In a l l  cases ,  the 
va r i a t ion   o f   l i f t ,  forward thrust ,  and pitching moment is nearly linear with 
the fan speed squared. 
The var ia t ion in  l i f t ,  forward thrust ,  and pitching moment with fan exit 
louver angle is shown in figure 1 2  for  model heights of 2.65, 4.45,  and 9.0 
feet .  Also shown are cos Bv and s in  Bv relations which indicate the varia- 
t ions   in  l i f t  and forward thrust  which would be obtained by resolving the lift 
obtained a t  BV = 0 degrees into components. With these relations, it is 
assumed that there is no loss  in the magnitude of the fan thrust vector as the 
exit louver angle is changed and that the direction of this vector is equal 
to the louver angle setting. Figure 1 2  indicates l i f t  t o  be less than the 
cos BV relat ion and forward thrust   to  be sl ightly  greater  than  the  sin pV 
relation. The reason  for  these  differences  has  not been isolated. A 
possible explanation could be,that aerodynamic interference effects caused 
the total  fan force vector to be vectored through a greater angle than indi- 
cated by the physical deflection of the fan louvers. Calculations also Show 
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t ha t   t o t a l  fan force vector is approxiinately 10 t o  15 percent less a t  Bv = 30 
degrees than a t  Bv = 0 degrees which may be attr ibuted perhaps t o  a decrease 
in fan exit  flow area as the louvers are moved a f t .  A small forward thrust  
existed at 8, = 0 amounting t o  approximately 10 percent of the lift. This 
thrust  is believed t o  result from the asymmetric a i r - foi l  sect ion of the 
louvers which have a positive CL value in  forward d i rec t ion   a t  Bv = 0. 
The pitching moment is varied by the louver angle changes from a nose- 
down value a t  & = 0 t o  nose-up value a t  higher angles about the tes t   re fe r -  
ence poi,nt of 15.65 percent MAC. This is especially the case a t  a model 
height of 2.65 feet , where the center of pressure varies f r o m  M/L = 1 .0  foot 
aft of the reference point to 0.2 foot forward of this point.  This represents 
a t o t a l   t r ave l   i n  excess of 11 percent MAC. 
Figure 13 shows the effect  of angle of attack of the fuselage at model 
heights of 4.45 and 9.00 feet .  Computed slopes are used for the fairings of 
t h e   l i f t  and the forward thrust  change with a. Equations used are, expressed 
in radians: 
Reasonable agreement between the estimates and the test  data exists.  
The pitching moment variation with angle of attack is  less   s tab le   a t  a 
model height of  4.45 than a t  9.00 fee t .  For the reference point used in  th i s  
presentatjon, dM/da actually reverses sign from negative (stable) t o  positive 
(unstable) as the model height i s  decreased. The fact that the pitching 
utoment derivative was not zero ac the 9-foot height a t  zero forward velocity 
indicates that ground interference is s t i l l  present. 
The l i f t ,  forward thrust ,  and pitching moment versus number of fans 
operating is presented in  f igure 14 for louver angles BV of 0 degrees and 
30 degrees. In each case, the variations of the forces and the moment can be 
presented by s t ra ight  l ines  as a function of number of fans operating. Thus, 
no significant mutual interference effects between the fans are evident on 
the basis of balance data. 
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The effects of excess nozzle thrust, FgEE, result ing from the excess 
exhaust nozzles located at the rear of the model have been subtracted from 
a l l  of the l i f t ,  thrust ,  and pitching moment data. 
Decreasing model height from 9.0 t o  2.65 feet, when all s ix  fans are 
operating, results i n  approximately a 5 percent increase in the l i f t  a t  a 
model height of 6 feet (figure 1 5 ) ,  and about a 3 percent decrease below the 
l i f t  of the 9-foot height at  heights below 6 feet .  With  two o r  four fans 
operating, the peak a t  the 6-foot height does not occur. 
When the model height was decreased with two and four fans operating, the 
pitching moment first changed t o  nose-up direction and w a s  then followed by a 
nose-down direction at an angle o f  attack of 0 degrees. For a six-fan opera- 
tion, the pitching moment tends to  change more rapidly in the nose-down direc- 
tion. 
A comparison of l i f t ,  forward thrust ,  and pitching moment data is made 
in  f igure 16 for wheel fairings (includes wheels) on and of f .  The trend of 
the l i f t  variation with model height for flv of 0 degrees i s  about the same 
with and without the fairings; however, the magnitudes are different.  A t  
model heights of 2.65 and 9.0 feet ,  the  l i f t  is approximately 3 percent higher 
with the fairings off.  The peak l i f t  values a t  the 6-foot distance appear 
unchanged whether the fairings are on or   o f f .  
The forward thrust increases slightly when the wheel fairings are re- 
moved from the model except a t   t he  lowest model height. 
Removal of the wheel fairings did not significantly change the pitching 
moment characterist ics at  angles of attack of 0 degrees and 5 degrees. 
Operation with L/C Nozzles Only. - Lif t ,  forward thrust ,  and pitching 
moment characterist ics due to operation of L/C nozzles only are presented in 
figure 1 7  on a logarithmic scale as a function of L/C engine rpm for  two 
model heights. The logarithmic scale was used for easier presentation of the 
data. The curves are nearly straight lines and proportionality is indicated 
by parallel  shifts  in the curves.  
All curves shown are parallel for varying L/C engine power. Tnus pro- 
portionali ty is  indicated between l i f t ,   f o m a r d   t h r u s t ,  and pitching moments 
for single and dual nozzle operation throughout the L/C engine power range 
and fo r  the ground distances shown. 
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The effect  of varying model height can also be discussed on the basis of 
figure 17. A t  the  model height of 9.00 feet ,  the l i f t  from both nozzles to- 
gether was equal to  the  sum of the single nozzle lifts measured. This indi- 
cates no interference effects,between the nozzles. A t  the 2.65-foot height, 
however, the l i f t  from the left-hand and right-hand nozzle a t  constant engine 
rpm is less than at the 9.0-foot height, indicating either a negative l i f t  
(suck-down) o r  a thrust  loss  a t  the lower height. The pitching moment for 
both nozzles operating was equal t o  model heights of 2.65 and 9.00 fee t ,  in- 
dicating no interference effects on the pitching moment as a function of 
model height. The difference in forward t h m t  between these two ground 
distances is small. A presentation of the effect of varying model height with 
a nozzle angle of b~ = 15 degrees is shown in f igure 18. The above trends 
appear t o  apply also for this nozzle angle. 
Test data as a function of nozzle angle are presented in figure 19 for  
90 and 85 percent L/C engine rpm. As expected, l i f t  follows a cos d~ re lat ion 
and the forward thrust  a s i n  d~ relation. 
The effect  of angle of attack on l i f t ,  forward thrust ,  and pitching 
moment is shown in  figure 20 for  a model height of 9.0 fee t  and a L/C nozzle 
angle of 15 degrees. The l i f t  and thrust curves have slopes computed from: 
The small deviation of the test points from these curves is considered 
normal scat ter .  
The pitching moment variation with angle of attack was s t ab le   a t  a 
model height of 9.0 fee t ,  similar to the pitching moment behavior when only 
wing fans were operating. Again, the fact that the pitching moment varies 
with angle of attack a t   t h i s  zero forward velocity of the airplane indicates 
that  ground effect is s t i l l  ex i s t ing   a t   t h i s  model height. 
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Simultaneous Operation of Fans and L/C Nozzles. - L i f t ,  forward thrust ,  
and pitching moment data  for combined operation of fans and the L/C nozzles is 
presented in  f igure 21. These data are also compared with corresponding data 
for  six fans operating alone. 
Force and moment increments due to  L/C nozzles as obtained from the 
differences between the curves in figure 21  are l isted in the following table.  
The table also lists f o r  comparison purposes the force and moment data 
obtained from tests   with L/C nozzles alone. 
Except for the pitching moment a t  a nozzle angle of 45 degrees, the 
differences shown between the two l a s t  columns of the above table may be 
considered tes t  sca t te r  ra ther  than interference effects. 
Deflection of the louvers result in an overall l i f t  loss that follows 
approximately a cos 8, relation (figure 2 2 ) .  A fan t h r u s t  of 6700 pounds was 
used in  the presentation of the computed cos 8, re lat ion,  based on the l i f t  
measured when the fans were operated alone. The l i f t  loss w a s  less than for 
the fans operating alone. This reduced lift loss  may have been caused by a 
positive interference l i f t  from the L/C nozzles. 
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me forward thrust increase with increasing louver angle is s l igh t ly  
i n  excess of a sin #v relation. This is similar to operatim with fans 
alone. Also, the moment variation with louver angle is similar to operation 
with fans alone. 
The.effect of L/C nozzle rotation on l i f t  and forward thrust  can be 
presented approximately by a cos 6~ and sin 8~ relation (figure 23) .  The 
'computed cosine and sine relations are based on a L/C nozzle force of 3700 
pounds based on test data obtained with L/C nozzles alone. 
Moment characterist ics shaw a similar trend with and without l i f t  fans 
operating; i.e., a sl ight increase in nose-up pitching moment is found when 
the nozzle angle d~ is increased from zero t o  20 degrees, followed by a 
gradual decrease of the moment for  greater  values  of b ~ .  
Data pertaining to an angle of attack change from 0 degrees to  5 degrees 
are given i n  figure-24. The slopes of the 
th.rust were  computed. Equations used were 
r 1 r  
curves shown f o r - l i f t  and forward 
derived from : 
L 
Cr-0 
cos&, L cosp, + 
Fa=o,pv=o LNN=oyaro I\ 
Differentiation of the appropriate terns and then settings= O r e su l t s   i n  
the following expressions for b~ = 0: 
- dL s i n  Bv + (Z) 
da a =O ,WO , ~ N = o  
" 
- (per  radian) 
a = 0 , ~ 0 , b ~ = O  
dT 
da 
- 
" - -1 
In these equations, Q is the l i f t  f r o m  the cruise nozzles alone, and LF is 
the lift fran fans alone. 
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These values of and LF are derived f r o m  tests with L/C nozzle operations 
alone and operation of fans alone, i.e., 
The tes t  data  shows only small deviations from these computed slopes, which 
a re  a t t r ibu tab le  to  normal scat ter .  
The pitching moment variation with angle of attack has an unstable slope 
at  the low model heights similar to operation with fans alone or L/C nozzles 
alone. A t  increased model heights, the slope tends to reverse again in a 
manner similar to the operation with fans alone or L/C nozzles alone. 
Decreasing the model height below 6 feet with wheel fairings installed 
increases l i f t  as shown in figure 25. The l i f t  loss that w a s  shown previously 
with the fans operating alone does not materialize as soon when the L/C noz- 
zles are operated in combination with the fans. 
The forward thrust  is relatively unaffected by model height similar 
to data shown before for the fans or  L/C nozzles operating alone. Also, the 
pitching moment characterist ics were similar except that the nose-down moment 
change with decreasing model height occurs a t  a lower model height. 
Removal of the wheel fairings increased l i f t  a t   t h e  model height of 
9.00 feet ,  but caused a decrease of l i f t  a t  lower model heights (figure 25). 
This trend differs from that found p.reviously for operation with fans alone 
where removal of wheel fairing resulted in a l i f t  increase a t  both high and 
low model heights. 
Removal of the wheel fairings resulted in an increase of forward thrust 
similar to operation with fans alone. The pitching moment is relatively unaf- 
fected by removal of wheel fairings except at  the lmest ground distance. 
Propulsion System Component Performance 
Fan Inlet  Pressure Recovxand Distortion. - Excellent fan inlet 
performance is  indicated by the high total pressure recovery and law t o t a l  
pressure distortion levels at the fan face. Distortion is defined as the 
ratio  of  the  difference between maximum and minimum total   pressure  to   the 
average total  pressure at  the fan face. Total pressure recovery w a s  above 
99 percent for a l l  test points investigated and total pressure distortion 
did not exceed 2-1/2 percent. Plots of recovery and distortion versus 
corrected fan speed are shown i n  figure 27 for both four- and six-fan 
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operation. The slight reduction in inlet performance with fan speed is due 
to the losses associated with the increasing flow velocity. The consistently 
high levels of total pressure recovery and low levels of distortion for all 
test runs indicate that changes in gmund height and fan exit louver angle 
are insignificant in affecting inlet  performance. 
Fan Inlet Static Pressure Distributions. - The three right-hand wing fan 
bellmouth in l e t s  were instrumented with s ta t ic   pressure  taps  as shown i n  
table I11 to aid the investigation of flow behavior at the fan face. Pressure 
taps were located along the inlet surface frm the top of the inlet near the 
junction of the bellmouth and upper surface of the wing (O-degree position) 
t o  the  plane of the fan inlet pressure rakes (90-degree position). The center 
fan had four taps at each of five circumferential positions. The nmber of 
pressure taps at the inboard and outboard fans were more limited so  that  only 
I cursory data analysis and canparisons were made with the inlet flow f i e ld  at 
the center fan. The fan bellmouth static pressure distribution plots are 
shown in figures 28 through 32. 
Increasing fan speed increases air  velocity into the fan,  result ing in a 
decrease in  the bellmouth static pressure level.  Figures 28  and 29 show the 
center fan bellmouth static pressure distributions for four- and six-fan 
operation for fan speeds of 2000 to  3600 rpm. Four-fan operation involved 
the center and inboard fans only. Data for four- and six-fan operation show 
s i m i l  ar  trends. 
Ideally, for a fan operating in a stationary vehicle, the flow into the 
in l e t  should reach a m a x i m u m  velocity at the fan face where the physical flow 
area is a minimum. This would result in continuously decreasing static pres- 
sures over the bellmouth l i p .  However, for both the O-degree and 290-degree 
circumferential positions, the static pressure reaches a minimum sl ight ly  
above the fan face. This deviation from expected static pressures may be 
caused by leakage of hot gases from the t ip turbine scroll  into the fan face.  
The scrol l  for  each fan covers approximately 180 degrees of the fan perimeter 
as shown in figure 26. For the center fan, this arc includes the O-degree, 
20-degree, and 290-degree radial positions. The high static pressure readings 
at  the fan face for the O-degree and 290-degree radians may be a t t r ibu ted  to  
the disturbing effect of t ip   tu rb ine  leakage gases in the vicinity of these 
pressure taps. The 20-degree radial position, which is at the extremity of 
the t ip  turbine scrol l  arc, shows that static pressures are not affected by 
leakage. 
The s ta t ic  pressure  d is t r ibu t ions  a t  the  110- and 200-degree radians 
show a continual decrease into the fan face and are similar to the distribu- 
t ions occuring at the 20-degree fan radian. This implies that the portion of 
the inlet  flow f i e l d  which is not influenced by turbine scroll leakage is very 
nearly uniform. Further inspection of these data indicates that at the 
perimeter of the fan face, the m a x i m m  velocity probably occurs at about the 
90-degree fan radian. 
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A Comparison of the right-hand center fan bellmouth pressures between 
four- and six-fan operation shows a generally slightly lower pressure level 
at the plane of the fan face in four-fan operation. Since inlet total pres- 
sure recoveries are equal in the two cases, the outboard fan represents a 
"sink" which detracts   s l ight ly  from the center fan performance in   s ix-fan 
operation. 
Bellmouth static pressure data f o r  the inboard and outboard fans 
(figures 30 and 31) which lack static pressure data at  the 60-degree position 
limits interpretation of performance. The data, however, appear t o  follow a 
pattern similar to that of the center fan. For the inboard fan, the pos- 
s ibi l i ty  of  turbine scrol l  leakage is apparent at  the 0- and 270-degree fan 
radians. 
A comparison of the bellmouth s ta t ic   p ressure   d i s t r ibu t ions   a t   the   in -  
board fan for four- and six-fan operation (figure 30) indicates that operation 
of an adjacent fan (center fan) has an influence on the flow field of the in- 
board fan s imilar  to  that  encountered with the center fan during four- and 
six-fan operation. 
Figure 32 shows bellmouth s ta t ic  pressure dis t r ibut ions to  be essentially 
unaffected by changes in  ground height.  Likewise, changes in fan louver and 
L/C nozzle angles had l i t t l e   e f f e c t  on the fan inlet flow f ie ld .  
Fan Exit Total Pressure Distributions. - Total pressure distributions at 
the fan discharge (downstream o f  fan stators) are shown in figures 33  and 34 
f o r  four- and six-fan operation, respectively. The data are for the right-hand 
center fan at a ground height of 2.65 feet  and encompass fan speeds from 2000 
rpm t o  3600  rpm. Ins tmen ta t ion  i s  described in table IV. 
A t  intermediate radial distances, the discharge total pressures are 
greatest ; while near the fan perimeter, pressures are significantly lower, 
particularly at the higher fan speeds. This may be at t r ibuted to  two condi- 
tions. First, the poor performance of the fan bellmouth is transmitted 
across the fan and, second, the proximity of the tip-turbine discharge may 
influence the fan discharge through viscous interactions. Further inspection 
of these data indicate that the discharge pressures near the perimeter of 
the fan continually decay in the direction of the fan rotation from the 0- to  
the 270-degree radian. 
For the 270-degree 
near the hub (9.36-inch 
considered  questionable 
curves. 
circumferential position, the total pressure readings 
radius) were extremely low (PT 11 / P T ~ < ~ .  0). This was 
and w a s  disregarded in fairing the distribution 
discharge total pressure distributions at 0- ,  10-  , and 20-degree louver 
angles indicated essentially no change in  total  pressure level  as a function 
of louver angle position. 
Fan Perfomaxe. - Fan performance characterist ics in terms of gross 
thrust, fan pressure ratio, corrected airflow and corrected fan speed are 
shown in figures 35 and 36. 
Fan performance w a s  computed using ambient a i r  temperature since reliable 
data from thermocouples located at the fan face were .not available. The 
margin of error  due t o  lack of real fan  inlet  temperature data is believed t o  
be small. For example, an excursion in  fan i n l e t  a i r  temperature from 70" F 
to  140" F, i f  not corrected, would resu l t  in  an error in corrected fan speed 
of approximately 6 percent. A survey of wing leading edge air temperature 
data shown in table V indicates the probable magnitude of the temperature 
r i s e  t o  be generally less than 30" F. The computation of fan thrust exclu- 
sive of the fan-tip-turbine thrust contribution is dependent upon actual fan 
pressure data measurements. The effect  of i n l e t  a i r  temperature changes on 
fan thrust i s  inherently manifested in fan pressure data. Ambient pressure 
was assumed a t  t he  fan exit. 
Overall fan pressure ratio and corrected fan airflow are presented in 
figure 35 for the right-hand center fan. As shown, fan pressure ra t io  in-  
creases with increasing fan speed approaching a value of 1.1 a t  100 percent 
fan speed. The variation in fan pressure ratio w i t h  fan speed was essentially 
the same for  both four- and six-fan operation. 
However, fan airflow is slightly greater during four-fan operation than 
six-fan operation. This indicates that the outboard fan probably influences 
the center fan flow f ie ld ,  although t h i s  proximity effect  is qu i t e  ma l l .  
Also shown in figure 35 is the fan system thrust of  the right-hand center 
fan for both four- and six-fan operation. These thrust data include the 
thrust contribution of the tip turbine system which is in the order of 1 0  
percent of the actual fan thrust and are correlated with the square of  fan 
speed. As noted, the thrust during four-fan operation is slightly higher 
than under six-fan operation which is attributable to the higher fan airflows 
for four-fan operation. 
The fan thrust  was calculated on the basis of the exit momentum a t  the  
fan stator discharge just  upstream of the fan exit louvers in conjunction 
with a fan efficiency of 88 percent. The fan airflow, however, w a s  calculated 
f r o m  pressure measurements taken at the fan rotor inlet since it provided a 
more accurate determination from the standpoint of a more uniform flow f ie ld .  
It  should be realized that the noted thrust levels represent a gross thrust 
and no account for fan recirculation, i f  it existed, in the form of ram drag 
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was  considered. Furthennore, the t h m t  data do not reflect losses associated 
w i t h  the exit louvers and do not consider the losses due t o   t h e  fan hub base. 
A t  a. nominal corrected  fan  speed  .of -3600 rpm under  six-fan  operation, 
the calculated thrust-  is approximately 1800 pounds.. An estimate of the 
losses due to   t he   f an  hub base a d  louvers was shown t o  account for 170 and 
90 pounds, respect ively,  resul t ing in  a ,net  thrust  of  1540 pounds. No 
attempt was made to   extrapolate  and correlate this thrust. calculation with 
thrust  measurements obtained f r o m  force balance system. This was due t o  
several factors. First, the inboard fan w a s  not the same design as the cepter 
and outboard fans and, second, the test conditions did not pennit a direct  
comparison since the center fan w a s  not run independefitly. Furthermore, the 
inadequacy of the instrumentation system resul ted  in  a low level of confidence 
in the thrust  calculations.  
Fan thrust versus ground height is shown in f igure 36. This plot in- 
dicates only slight changes i n  center fan thrust  with variation in ground 
height when L/C engine power is off. Similarly, operation with L/C engine 
power on produces essent ia l ly  no change in center fan thrust with changes i n  
ground height. The negligible effect of fan exit louver angle on thrust  is 
also indicated in figure 36. 
An inspection of the data at  two test points involving ground heights of 
2.65 and 9.0 fee t  a t  a :L /C  nozzle.angle of 15 degrees indicated 8 percent less 
thrust than at a 0-degree nozzle angle. 
L/C Enxine Performance. - L/C .engine thrust  w a s  calculated using measured 
values of EGT and s ta t ic  and total  pre.ssures a t  the nozzle exit. Nozzle e x i t  
pressure measurements were taken a t  tne right-hand L/C nozzle only. L/C 
engine thrust is. shown in  f igure 37. 
”
Lift-Fan G a s  Generator Inlet Performance. - A check of total  pressure 
recovery for the lift-fan gas generator- inlets showed recoveries exceeding 98 
percent for a l l  points investigated. This verifies that the inlets were 
operating as designed. 
Induced Thermal Conditions 
Hot Gas Ingestion. - An estimate of hot gas ingestion is indicated in 
both tabulated and curve formats. 
Table V indicates the air temperature rise above ambient i n  the im- 
mediate vicinity of the L/C engine inlet, gas generator (fan engine) inlet ,  
and above the leading edge of the wing fo r  a wide range of test conditions. 
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The a i r  temperature rise at  the L/C engine in le t  is represented by averaging 
the temperature readings from a group of thennocouples located forward of the 
L/C engine in l e t .  An indication of fan engine in l e t  temperature rise above 
ambient is provided by temperature readings from thermocouples 15, 16,  1 7  
which were located forward of the inlet .  The temperature reading from these 
three thermocouples were not averaged due to the large variations in tempera- 
wing fans are unavailable due to faulty oscillograph recordings of fan in le t  
temperature data. However, an indication of the probable occurrence of some 
hot gas ingestion into the fans is given by air temperature readings from 
thermocouples located above the leading edge of the wing. 
j ture  levels which appeared to   exis t .  Estimates  of  hot  gas  ingestion  into  the 
1 ,  (i. 
Figure 38 summarizes L/C engine inlet hot gas ingestion data indicating 
the magnitudes of a i r  temperature rise above ambient a s  a function of fan 
louver angle, nozzle angle, and  model height, The a i r  temperature rise data 
are based upon the averaging of temperature readings from the group of themo- 
couples located forward of the L/C engine inlet .  
Figure 39 through 47 present the average a i r  temperature forward of the 
L/C engine in l e t  and t h e   a i r  temperatures readings from three thermocouples 
located forward of the fan engine inlet as a function of time. These data 
were obtained using a Brown Recorder that  had a reading cycle time of 24 
seconds. 
Inspection of data in table V and figures 38 through 47 reveals that 
engine i n l e t   a i r  temperature r i s e  occurs over the f u l l  range of model heiqhts, 
nozzle angles, and louver angles. Increasing model height from 2.65 t o  9.0 
fee t  does not necessarily lessen the magnitude of hot gas ingestion. In some 
instances hot gas ingestion appears t o  be greater  a t  the model height of 9.0 
feet than a t  2.65 f ee t ,  Varying louver angle positions from 0 through 10  
degrees does not appear t o  reduce ingestion, however; increasing of fan exit  
louver angle t o  20 o r  30 degrees generally results in a reduction of ingestion. 
Increasing L/C nozzle angle to 30 or  45 degrees also results in appreciable 
reduction of hot gas ingestion when coupled with fan exit louver angles of 20 
or  30 degrees. Engine i n l e t  air temperature rise during operations with an 
L/C nozzle angles of 30 o r  45 degrees and fan lower angles of 20 o r  30 
degrees is generally less than So F. 
Hot gas ingestion when operating with L/C nozzles alone appears to in- 
volve an air  temperature rise of generally less than 10' F a t   t h e  L/C engine 
in l e t ,  For operations with wing fans alone, fan engine inlet a i r  temperature 
rise appears t o  vary considerably from values less than 10' F t o  over 40" F. 
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Flow  Field  Temperatures. - Flow  field  temperatures  were  obtained  with a
6-foot  vertical  rake  and  several  6-foot  horizontal  rakes  which  were  positioned 
as  shown  in  figure 8. These  rakes  were  intended  to  be  moved  throughout  the 
flow  field  to  obtain  overall  temperature  map  of  flow  field;  however,  the 
installation  of  the  rakes  and  the  securing  of  the  bundles  of  thermocouple 
leads  to  the  steel  ground  plane  proved  to  be so consuming  of  manpower  and  time 
during  the  first  change  that  the  plan  was  abandoned. 
A sampling  of  flow  field  temperature  data  taken  with  the  six-foot 
vertical  rake  is  shown  in  figure 48 which  also  depicts  rake  location.  These 
data  indicate  air  temperature  profiles as a function  of  model  heights,  and 
L/C  nozzle  and  fan  louver  angles.  For  operations  with  L/C  nozzles  alone, 
high-temperature  exhaust  gas  flowed  undisturbed  near  the  ground  as  expected. 
Temperatures  at  elevations  above 40 inches  appear  to  be  only  slightly  af- 
fected  and  are  approximately  equivalent  to  the  ambient  air  temperature.  This 
was not  the  case  for  combined  operations  of  fans  and  L/C  nozzles  where  down- 
wash  interactions  resulted  in  upward  flow,  turbulence,  and  mixing.  Air 
temperatures  in  excess  of  150' F were  indicated  up  to  the  full  extent  of  the 
rake.  This  upward  flow f hot  gases  would  suggest  the  primary  cause  for  hot 
gas  ingestion.  Figure 48 also  indicates  that  the  higher  elevation  rake 
temperatures  decrease  with  increasing  nozzle  and  fan  exit lower angles.  These 
rake  temperature  reductions  are  caused  by  an  outward  shifting  of  the  fan  and 
L/C nozzle  downwash  interference  zones.  This  outward  or  rearward  shift  of 
hot  gas  upwash  may  account  for  the  reduction  in  air  temperature  rise  at  the 
engine  and  fan  inlets  when  L/C  nozzle  and  fan  louver  angles  are  increased  to 
20 or 30 degrees. 
Maximum temperatures  indicated  by  the  6-foot  horizontal  temperature  rake 
located  below  the  L/C  nozzle  (figure 8) at 90 percent  L/C  engine  pclwer  at 
model  heights  of 2.65, 4.45, 6.0 ,  and 9.0 €eet  were 530°, 475', 485", and 
405' F, respectively.  Corresponding  exhaust  gas  temperatures  at  the  nozzles 
were  approximately  1140'  F. A temperature  attenuation  of 600' to 700' F is 
indicated,  Attenuation  of  fan  tip  turbine  exhaust  temperature  near  the 
ground  plane  was  indicated  by  the  6-foot  horizontal  temperature  rake  located 
beneath  the  center  and  outboard  lift  fans  (figure 8). The maximum tempera- 
ture  observed  was  approximately ZOOo F which  implies  that  only  moderate 
localized  ground  heating  occurs  beneath  the  fans. 
Near-Structure  Air  Temperatures. - Themcouples were  installed  on  the 
model  to  measure  air  temperatures  1/4-inch  from  the  structure  at  locations  on 
the  fuselage  and  landing  gear  as  shown  in  figures 4 and 7. The  purpose  of 
these  temperature  measurements  is  to  indicate  the  probable  location  of  hot 
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spots  and  to  identify  the  relatively  cool  areas,  This  information  may  be 
useful,  for  example,  in  the  selection  of  locations  for  air  scoops  and  vents. 
Figure 49 lists  the  prevailing  air  temperatures  near  the  landing  gear, 
forward  fuselage,  center  fuselage  below  the  wing  and  aft  fuselage  in  the 
vicinity  of  the  tail  section. 
The  center  fuselage  area  below  the  wing  appears  to  be a hot  spot with 
near-structure  air  temperatures  ranging  from 350' to 400" F.  These  tempera- 
ture  levels  exist  at  all  model  heights  and  fan  louver  and L/C nozzle  angles, 
This  condition  is  caused  by  the  inboard  fan,  tip-turbine  exhaust  gases 
which  eject  adjacent  to  the  fuselage  structure  (figure 2 6 ) .  
Temperatures  adjacent  to  the  landing  gear  (tires)  as  high  as 250" to 
300" F are  indicated. 
Figure 49 indicates  air  temperature  levels  adjacent  to  the  side of the 
aft  fuselage  which  are  generally  less  than  140"  F.  Temperature  levels  near 
the  forward  fuselage  appear  in  the 100" to 120" F range. 
Ground  Surface  Heating. - Thermocouples  were  imbedded in the  steel  ground 
plane in an  area  below  the  L/C  nozzles  where  maximum  ground  heating  rates 
were  expected  to  occur  (figure 6) .  A companion  thermocouple  for  measure- 
ment  of  hot  gas  temperatures  1/4-inch  above  the  ground  plane  was  also  pro- 
vided  near  each  imbedded  thermocouple.  These  thermocouples  were  intended 
to  indicate  the  ground  heating  rates  and  temperatures. 
Typical  ground  heating  conditions  which  are  based  on  temperature  read- 
ings  from  thermocouples  109  and 114, are  shown  in  figure 50, representing 
model  heights  from 2.65 to 9.0 feet,  Maximum  near-surface  hot  gas  tempera- 
tures  midway  between  the  L/C  nozzles  (thenocouple  114's  location)  were 
approximately  400"  F.  Corresponding  maximum  ground  surface  temperatures 
were  approximately  350" F. At the  model  height  of 9.0 feet, maximum tempera 
tures  were  less  than  300" F. 
Computed  heat  transfer  coefficients  ranging  from 39 to 95 Btu/hr  ft?" F 
are shown in figure 50. These  coefficients  are  at  best  only  rough  approxima- 
tions of the  average  heat  transfer  rates  for  the  time  intervals  selected. 
Heat  transfer  to  or  from  the  ground  plane  was  assumed  to  occur  only  at  the 
top  surface of steel  ground  plane  and  to  be  entirely  convective.  The  tempera- 
tures  of  the  ground  plane  (steel  plate)  and  hot  gas  above  the  surface  were 
assumed  to  be  uniformly  equal  to  the  temperature  readings  derived  from  the 
installed  thermocouples. 
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Heat  transfer  coefficients  were  computed  from  the  energy  balance: 
dT 
W C p  z= hA(Ta, - T) 
intergrating  this  expression  and  solving  gives 
where : 
h = heat  transfer  coefficient  (Btu/hr ft2" F) 
Too = average  near-structure  air  temperature  during time 
interval (" F) 
T~ = structure  temperature  at  beginning  of  time  interval, (" F)
T2 = structure  temperature  at  end  of  time  interval (" F) 
A T  = time  interval  (hours) 
W/A = weight  of  ground  plate  per unit area  (lb/ft2) 
= specific  heat  of  ground  plate  (Btu/lbo F) P 
so that 
TIME 
For  the  steel  plate: 
W/A = 12.7  lb/ft2 
cp = 0.12  Btu/lb " F 
L A r  J 
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For the calorimeter (figure 10)the expression for heat transfer coefficient 
is 
L Ar J 
For this  calorimeter : 
!!!?I = 0.31 
A 
Flow Field Pressures. - Flow field pressures are shown in   t ab le  V I .  
These readings represent the difference between total   pressure probe measure- 
ments and an atmospheric reference pressure. Each of the pressure readings 
are approximated to the nearest integer. Positive readings indicate a 
frontal velocity component a t  t he  probe. A negative reading i s  assumed t o  
indicate  that   the  f low  field  velocity  at   the probe has a velocity vector 
which is  devoid of a front21 velocity component. These pressure readings, 
therefore, provide an indication of flow direction. The magnitude of positive 
readings indicates approximately the dynamic pressures in the flow f i e ld  
where the probes are known to be facing directly into t h e  flow stream. The 
accuracy of the low magnitude pressure readings were compromised by the use of 
a 25 psid pressure transducer such that  many of the pressure readings are 
within the noise level of the transducer. 
Plots of fan dynamic pressure obtained under the outboard wing fan are 
shown i n  figures 51 and 52 for rake location 1 2  inches above the ground plane 
(figure 8) .  
Figure 51 indicates dynamic pressure profiles in the fan efflux f o r  two 
fan heights above the pressure rake. A comparison of the curves indicates a 
peak pressure decay from approximately 145 t o  115 p s f  as fan height above the 
pressure rake is increased from 2 . 2  t o  3.3 fan diameters. 
Figure 52 compares fan dynamic pressure for fan speeds o f  2000, 3000,  and 
3600  rpm.  Maximum fan dynamic pressures at fan speeds of 2000, 3000,  and 
3600 rpm are approximately  145, 95, and 40 psf, respectively. Fan dynamic 
pressure data shown in figure 52 for fan speeds o f  2000, 3000, and 3600  rpm 
appear t o  be compatible with fan pressure ratios of figure 33. 
Additional pressure data from table V I ,  shown in figures 53 and 54, 
indicate dynamic pressure  paral le l   to   the ground plane a t  two locations: 
one near the outboard fan, and the other near the L/C nozzle. Maximum 
dynamic pressures or velocit ies occur within several inches of the ground. 
Relatively cool fan a i r  temperatures and near-ground m a x i m u m  dynamic 
pressures of approximately 60 psf permitted personnel t o  approach the outboard 
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fan with ease. Ground flow conditions i n  the vicinity of the L/C nozzles 
exceeded temperatures, of 400' F and dynamic pressures of approximately 230 
psf. Personnel approaches into the L/C nozzle area were not attempted. 
The 6-foot horizontal pressure rake under the L/C nozzle was limited to 
the location shown in f igure 9. The intersection of the nozzle centerline 
with the ground plane is  indicated for L/C nozzle angles of 0 and 15  
degrees, M a x i m u r n  dynamic pressure readings listed in table V I  appear t o  be 
less than 400 psf for model height of 2.65 feet. Corresponding dynamic 
pressures a t  the nozzle exit were approximately 1000 psf .  Comparison of 
tabulated pressure data for test run data points 6 . 1  and 6.4,  and 8.3 and 
8.4 indicates an increase in rake pressure readings as fan louver angles in- 
creases from 0 and 10  degrees. This pressure change may be due t o  a reduc- 
t ion  in  forward flow of fan exhaust gas as fan louver angle is increased. 
Oscillograph Temperature Traces. - Oscillograph temperatures traces 
from caiorimeters (figure 10) and ground surface thennocouples are shown in  
figures 55 through 63, The origin-of each curve a t  zero  time is considered 
to  be equivalent to ambient temperature or approximately 60' F. Each temper- 
ature trace is identified by i ts  thermocouple number. A i r  and structure 
temperatures at the various point locations shown in f igures  4 ,  5, and 6 are  
plot ted  in   pairs ,  
Highest structural temperatures on the model occur on t h e  side of the 
fuselage below the inboard fan. Temperatures exceeding 300' F are indicated 
in figure 55. Structure temperatures in excess of 100' F above ambient 
also occur on bottom of fuselage (figure 58). Structure temperatures on the 
forward fuselage and a t  under wing locations aft  of the wing fans indicate 
only slight heating effects. 
Ground surface temperatures and corresponding near-surface air  tempera- 
tures  in  f igure 57 exceed 250' F and 350' F, respectively. 
Several sample indications of heat transfer coefficients are shown in  
figures 55 through 60. The ground plane heat transfer coefficients appear 
to be considerably higher than a t  locations on the surface of the model. 
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1. L i f t  w a s  found to increase as model height w a s  decreased (indicating a 
posit ive l i f t  contribution due t o  ground effect)  during full  power l i f t  
f r o m  the L/C nozzles i n  combination with fans fo r  the model configuration 
having wheel fairings installed.  
2. No mutual interference effects on l i f t  are evident a t  the model height of 
9.0 fee t  when operating two, four ,  or  s ix  fans alone. L i f t  w a s  found t o  
be directly proportional to the number of fans operating. Total l i f t  
produced by the combined operation of fans and L/C nozzles was essentially 
equal to  the sum of the l i f t s  produced by the L/C nozzles and fans when 
operated alone. 
3. During operations with fans alone, aft  deflection of fan louvers caused 
l i f t  reductions which were greater than would have been expected from 
a cos 8, relationship. However, with simultaneous operation of fans 
and L/C nozzles, the fan l i f t  reductions were less  and tended to follow 
the cos 8, relation. 
4.  A t  the model height of 9 .0  feet for fan operations alone (wheel fairings 
on), ground ef fec t  was evident only in terms of pitching moment character- 
istics. A t  lower model heights, ground effect  was indicated by effects  
on l i f t  as well as pitching moment. Decreasing model height from 9.0  
fee t  to  6 .0  feet  resulted in an increase of l i f t   t o  a maximum of approxi- 
mately five percent, thereafter decreasing to about three percent below 
the  in i t i a l  l i f t  a t  the 9-foot level as the model  was  moved to  2.65 fee t .  
Removal of the wheel fairings caused the l i f t  to increase at the high and 
low model heights and tended to  reduce the variations of lift with model 
height. 
5. Operations with L/C nozzles alone appeared to  exhib i t  losses  in  l i f t  as  
model height was decreased. 
6. Fan bellmouth i n l e t  performance was satisfactory under a l l  t e s t  condi- 
tions investigated. Total pressure recovery was above 99 percent, and 
total  pressure distortion did not exceed 2-1 /2  percent. 
7. Hot gas ingestion (engine inlet a i r  temperature rise above ambient) 
occurred i n  varying amounts a t  a l l  model heights tested. Increasing model 
height from 2.65 f ee t   t o  9.0 feet  did not  resul t  in  a reduction of hot 
gas ingestion. Engine i n l e t  a i r  temperature increases of  10 t o  50' F 
above ambient were not uncommon. 
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8 .  Hot  gas  ingestion  by  the  engines  and  fans  could  be  reduced  substantially 
by  vectoring fan louver  angles  aft  to  approximately 20 degrees.  Combined 
vectoring  of L/C nozzles  and fan louver  angles  to  aft  positions  of 30
degrees  resulted  in  engine  inlet  temperature  rises  generally  less  than 
5' F above  ambient.  Aft  vectoring  of  nozzles  and  louvers  to  only 10 or 
15  degrees  did  not  appear  to  reduce  ingestion. 
9. Major  hot  spots  on  the  model  occurred  on  the  fuselage  below  the  wings  due 
to  close  proximity  to  the  inboard  fan  tip-turbine  exhaust.  Near-structure 
air  temperatures and structure  temperatures  exceeding 400" and 300' F, 
respectively,  were  recorded.  Structure  temperatures  on  the  bottom of the 
fuselage  were  generally  less  than 200" F. 
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Figure 8. Flow Field  Pressure  Probes and Thermocouples. 
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Figure 10. - Calorimeter  Design. 
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Figure 14. Effect of Number of Fans Operating, 3600 RPM, L/C Power Off, 
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Figure 15. Effect of Model Height with Tho, Four, and S i x  Fans; 3600 RFM, 
L/C Power O f f ,  Wheel Fairings on, a = 0 
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Figure 15; Effect of Model Height with Two, Four,  and Six Fans ; 3600 RPM, 
L/C Power Off, Wheel Fairings on, a = 0 (Concluded) 
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Figure 19. Effect of L/C Nozzle Rotation, Fan Power Off, 
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Figure 19. Effect of L/C  Nozzle  Rotation, Fan Power  Off, 
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Figure 21- Comparison  With and Without L/C Nozzle Operation, Fans at 
3600 RPM, 90% L/C Engine RPM, Wheel Fairings on, a =  0 (Continued) 
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Figure 21. Comparison  With  and  Without L/C Nozzle  Operation, Fans at 
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Figure 22. Effect of Fan Louver Angle, Fans at 36 RPM, 90% L/C Engine 
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Figure 23. Effec t  of L/C Nozzle Rotation, Fans  at 3600 RPM, L/C Nozzles 
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Figure 24. Effect of Angle of Attack, Fans a t  3600 RPM, L/C Nozzles 90% 
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Figure 25. Effect of b d e l  Height, Fans a t  3600 FPM, L/C Nozzles 90% 
Power, 6~ = O o ,  a= 0 
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Figure 27.1 Fan Bellmouth Inlet Performance, Right-Hand Center Fan, 
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Figure 28. Fan Bellmouth Static  Pressure  Distributions ; Right-Hand Center Fan, 
Four-Fan Operation, Ground Height = 2.65 Ft , L/C Engines Off ,  P,, = Oo 
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Figure 29. Fan Bellmouth Static Pressure Distributions; Right-Hand Center Fan, 
Six-Fan Operation, Grumd Height = 2.65 Ft ; L/C Engines Off, & = 0’ 
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Figure 30. Fan Bellmouth Static Pressure Distributions ; Right-Hand Inboard Fan, 
Ground Height = 2.65 Ft, L/C Engines Off, Bv = 0' 
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Figure 31. Fan Bellmouth Static Pressure Distributions; Right-Hand Outboard Fan, 
Six-Fan Operation, Ground Height = 2.65 F t ,  L/C Engines Off,  &, = 0' 
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Figure 32. Effect of Ground Height on Fan Bellmouth Static Pressure Distributions; 
Right-Hand Center Fan, Six-Fan Operation, L/C Ehgines O f f ,  Bv = 0' 
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Figure 33. Fan Discharge Total Pressure Distribution ; Right-Hand Center Fan, 
Four-Fan Operation, Ground Height = 2.65 Ft,  UC Engines O f f ,  B, = 0 
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Figure 34. Fan Discharge Total Pressure Distribution; Right-Hand Center Fan, 
Six-Fan Operation, Ground Height = 2.65 F t ,  L/C Ehgines Off, B,, = 0 
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Figure 35. Fan Performance Characteristics, Right-Hand Center Fan, L/C Engines 
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Figure 36.  Variation of Right-Hand Center Fan Thrust With Model Ground Height 
and Fan Exit Louver &le, Six-Fan Operation 
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Figure 37. Right-Hand L/C Engine Thrust 
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Figure 39. Engine Inlet Air Temperature Versus Time, dN = Oo,  h = 2.65 F t  
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Figure 42. Engine Inlet A i r  Temperature  Veraus Time 6, I 15: h = 2.65 Ft 
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Figure 43. L/C Engine Inlet Air Temperature Veraua Time, 6 = 15', h = 4.45 Ft . N 
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Figure 47. Engine Inlet Air Temperature  Versus Time, 6 = O o ,  h = 9.0 F t  
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Figure 50- Ground Surface Heating Conditions 
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Figure 50. Ground Surface  Heating  Conditions - Concluded 
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Figure 51. Fan Dynamic Pressures  at Two Heights 
k 
g 200 
2 
0 'g 100 
R a 
0 
H/+ = 2.2 
H = Fan height above rake = 80 inches 
Rake height above ground = 12 inches 
Figure 52.  Fan Dynamic Pressures  Near Ground 
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Figure 54. around Jet Pressure Profiles Frcm L/C Hozzle 
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Figure 55. - Side of Fuselage Air and Structure Temperature Traces; 6, = Oo,  h = 2.65 Ft. 
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Figure 57. - fir, Structure, and Ground Surface Temperature Traces; 
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Figure 62. - Side of Fuselage Air and Structure Temperature Traces; 6, = 30°, h = 9.0 F t  
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TABLE I .  - LIST OF TEST RUNS 
msp 
mJn 
"
1.1 L 1.2 
1.3-1.6 
1.7-1.10 
1.11-1.13 
1.14-1.16 
1.17-1.20 
1.21-1.24 
?. 1-2.3 
1.1-3.4 
1.1-4.2 
i.1-5.6 
5.1-6.4 
L1-8.6 
b.7-8.12 
L1-9.4 
.0.1-10.5 
.0.6-10.8 
'.1-7.4 
l.1-11.4 
.1.5-11.8 
2.1-12.4 
2.5-12.8 
.3.1-13.4 
3.5-13.8 
.3.9-13.12 
.3.13-13.1 
.3.17-13.2 
.3.21-13.2 
.4.1-14. 4
h.5-14.8 
.h.9-14.11 
.4.&?-14.14 
5.1- 15.4 
.5.5-15.7 
.5.8-15.10 
5.11-15.14 
6.1-lA3 
6.4-16.7 
68-16.U 
6.12-16.14 
7.1-17.4 
8.1-18.4 
9.1-19.4 
9.5-19.8 
9.9-1412 
9J3-15115 
.9.16-1%18 
!0.1-20.4 
a.5-20.8 
!l.l-21.2 
!1.3-21.6 
!2.1-22.3 
!3.1-23.3 
~~~ - 
" 
6 -B 
. 
3 R.B. h n m  
3 L.B. h n m  
1' 
1 
L.B. L/C -lib. 
R.B. L/C -l ib.  
5 ~mnm + L/c 
5 Fan. 
5 ?MS + L/C 
L/C Crlib. 
1 
L/C + 6 Fmm 
L/C Callb. 
L/C + 6 Fmnm 
L/C Crlib.  
L/C + 6 Fans 
5 Fans O n l y  
b 
3 R.H. Fan Cali1 
3 L.H. Fan C a l l 1  
i/C C a l l b .  
>/C + 6 Fans 
5 Fan. Only 
1 
./C + 6 Fans 
i Fans Only 
I 
1 
./C Eng. Callb. 
JC + ti Rnm 
i Fan. o n u  
i h n  W i b .  
./C + 6 Fan. 
1 
..E. L/C Crlib. 
I.A. L/C Cmllb. 
L/C Cmlib. 6 
./C + 6 Fanm 
/C + 6 Fanm 
1 
:/c o n l y  
;/c o n l y  
L/C + 6 ?an. 
L/C h u b .  
$2 + 6 ?an8 
- ~~~ . ~ ." 
I I 
i 
10,20,30 
0,10.20,30 
1 
0 
0,20,30,10 
I 
0,10,20.30 
I 
0.10,20,30 
0 
90. 
o,10,20.30 
YO. 
0,10,20,30' 
90. 
G,  10,20,30 
0. 
0.10.20.30 
0. 
0- 
YO 
10.20,30,0 
0- 
10.20,30 
0,10,20,30 
0. 
10,20,30 
W' 
G 
0,10,20,30 
,.; 
1 
0- 
10,20.30,0 
10,20,30,0 
10,20,30,0 
. ". . . 
ODEL 
mom -
2.65' 
v 
6.0 
2.65 
4.45 
9.0 
4 
I 
1 
1 
6.0 
2.65 
h.45 
6.0 
9.0 
v 
4.44 
1 
6.0 
1 
Y.0 
9 I 
2.65 
I 
0- 
5' 
I 
I 
I 
1 
0. 
5' 
D. 
5. 
D. 
0. 
0. 
8, 
1 
7- 
P v  
8 v  
t 
L/C pvr 
1 
L/C pvr 
8" 
L/C pvr 
bV 
bv 
Fan Rpn 
B V  
1 
8, 
bv 
B" 
bv 
L/C pvr 
1 
d.  
1 
h n  Wn 
8, 
1 
.a.* p v l  
I... I/c pvl 
L/C pvr 
IJc Fnr 
L/C pvr 
IJc pvr 
8 v  
L/c pvr 
L/c pvr 
P V  
Fan W H  
L/c pvr 
Fan W H  
Fan W H  
1 
8-12 
8-12 
1/2-2 
1/2 
2-6 
4-8 
0-4 
0-4 
0-2 
1 
1 
0-1/: 
0- 1/: 
2-3 
2-3 
3 
3 
3 
3 
3 
3 
2-3 
1, 
2-3 
2-3 
0 
0 
1 
1-2 
1-2 
1 
1 
1 
0-3 
1 
4 
2 
2 
4 
4 
2 
2 
2 
4 
a 
1 - 
107 
m 
Iu1 
Q3.4-23.t 
e3.7-23.5 
24.1-24.: 
24.4-24.L 
24.7-24.5 
25.1-25.: 
25.4-25.L 
25.7-25.5 
26.1-26.4 
W.5-26.7 
27.1-27. 
28.1-20.1 
20.5-20: 
29.1-29.1 
29.5-29.. 
30.1-30.1 
31.1-31.: 
31.4-31.t 
32.1-32.1 
33.1-33.: 
33.4-33.t 
34.1-34.: 
34.4-34.L 
35.1-35.: 
35.4-35.7 
36.1-36.4 
37.1-37.4 
38.1-33.: 
38.4-33.3 
39.1-39.: 
39.4-39.L 
40.1-40.4 
41.1-41.4 
42.1-42. : 
42.4-42.7 
43.1-43.: 
43.4-43.t 
U. 1-U-4 
45.1-45.: 
45.4-45.t 
46.1-46. : 
46.4-46.6 
47.1-47.4 
M.1-40.4 
49.1-49.4 
50.1-50.4 
51.1-51.4 
52.1-52.4 
53.1-53.4 
54.1-54.4 
55.1-55.4 
55.5-55.4 
55.7-55.8 
TABLE I. - LIST OF TEST RUNS - Concluded 
?An m 
0. 
f 
0.  lo,  20.30 
0- 
90. 
0.10,20,30 
0 
0.10,20,30 
0 
90 
0 
10,20,30 
0.10,20,30 
0 
10,20,30 
0 
10,20,30 
0 
0,lO. 20,30 
0,10,20,30 
0.10,20.30 
0 
0,10,20,30 
0 
10,20,30 
0,10,20,30 
0,10,20,30 
0 
0,10,20.30 
0 
10.20.30 
0,10,20,30 
0 
10.20,30 
0. 
10,20,30 
0,10,20,30 
0,10,20,P 
3.10,20. 30 
I 
C 
- 
D p a  
nosl 
- 
~ 
1 
4 T  
i 
9 
1 
9 
3 
b 
2.65 
I 
4.45 
2.65 
I 
4.45 
I 
6 
1 
1 
9 
9 
9 
1 
2.65 
1 
4.44 
6 
2.65 
1 
io 
r 
6 
1 
6.0 
2.65 
4.45 
6.0 
9.0 
1 
4.45 
2.65 
I 
- 
ln 
(m - 
0 
0 
3 
3 
3 
12 
12 
12 
0-4 
2-4 
2 
1 
0 
7 
7-10 
9 
0 
0 
1 
3 
3 
3 
3 
2 
0 
1 
0 
0 
7 
9 
10 
12 
10 
1 
1 
2 
2 
2 
2 
2 
2 
1 
2 
1 
2 
2 
4 
B 
3 
2 
3 
1 
1 - 
108 
Data Test 
Point 
1-ll 
1-12 
1-14 
1-13 
1-15 
15-7 
9-1 
8-9 
8-10 
8-11 
6-1 
6-4 
6-2 
7-1 
5-1 
8-3 
lo-2 
13-5 
31-1 
31-2 
3 - 3  
of Fans 
TABLE 11. - PROPULSION DATA REDUCTION TEST POINT SCTIEWLE 
3 
31 
00 
Q 
0 
0 
0 
0 
10 
20 
0 
0 
0 
10 
20 
0 
10 
20 
Power 
0 
0 1 
30 
0 
8 
15 
15  
0 
0 
0 
2.65 
2.65 
2.65 
2.65 
2.65 
4.44 
6.0 
9 00 
9-0 
9 00 
2.65 
2.65 
2.65 
4 0 4 4  
6.0 
9.0 
2.65 
9 *O 
2.65 
2.65 
2.65 
&le or attack and angle of yau are 0’ for all t e s t  points. 
F m - f a n  operation includes inboard and center fans in each w i n g .  
TABLE 111. - STATIC PRESSURE INSTRUMEN'IATION  AT 'IHE RIGHT-HAND 
INBOARD, CENTER, AND OUTBOARD FAN INLETS 
Fall 
Rsdian 
8 - deg 
0 
20 
70 
90 
110 
160 
180 
200 
250 
270 
290 
330 
340 
"- "- "- "- 
" 0  "- "- "- "-  
E 
Hub Angular Iocatlon - deg 
110 
- 
133 
160 
157 
158 
159 
"- 
"- 
"- 
- "- 
bard Fan 
1 
" 0  
" 0  " 0  I 
TABU IV. - TOTAL PRESSURE INSTRUMENTATION  AT THE RIm-HAND 
INBOARD, CENTER, AND OLJTBOARD FAN EXITS 
R i g h t  Hand W i n g  
11.42 
13.18 
16 -10 
17  -38 
Inboard I 
0 1  901180 
357 
353 
349 
345 
341 
337 
358 
354 
350 
346 
342 
338 
111 
TABLE V. - HOT GAS INGESTION DATA 
TABLE V. - HOT GAS INGESTION DATA - Continued 
TABLE V. - HOT GAS INGESTION DATA - Continued 
TABLE V. - HOT 'WESTION DATA - Continued 
TABLE V. - HOT GAS INGESTION DATA - Continued 
TABLE V. - HOT GAS INGESTION DATA - Continued 
TABLE V. - HOT GAS INGESTION DATA - Concluded 
TABLE VI. - FLOW FIELD PRESSURE DATA 
. - 
5.1 - 
3 
3 
3 
3 
14 
39 
3 
3 
3 
14 
6 
so 
- 3  
- 3  
- 3  
- 3  
- 3  
-3  
- 3  
- 3  
- 3  
- 3  
- 3  
11 
39 
0 
- 3  
3 
25 
64 
LO2 
116 
91 
39 
0 
-6  
6 
33 
6 
14 
0 
6 
3 
0 
0 
26 
- 3  
0 
6.0 
3601 
0 
0 
- 
- 
- 
- 
- 
- 
51. I - 
-50 
-27 - 24 
-9 
3 
18 
-6 
- 6  
- 3  
6 
58 
e9 
15 
30 
42 
39 
21  
-21 
- 36 
- 50 
-53 
-48 
- 39 
- 33 
-15 
-15 
-12 
-12 
- 12 
- 12 
-12 
-12 
- 12 
- 12 
-12 
- 12 
-18 
- 2 1  
65 
13  
0 
-13 
16  
-3 
- 3  
-3  
0 
6.0 
360 
0 
0 
- 
- 
- 
- 
- 
- 
- 
1.14 - 
3 
0 
0 
0 
25 
6 
- 3  
0 
- 3  
-3  
-3  
20 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
28 
0 
3 
3 
3 
11 
68 
10 
40 
6 
- 9  
-23 
- 31 
59 
0 
0 
0 
-6  
- 3  
-27 
0 
0 
- 3  
29 
0 
2.65 
3600 
10  
- 
- 
- 
- 
- 
- 
- 
7.2 
= 
P S I  
- 3  
- 3  
- 6  
- 3  
3 
11 
- 3  
-6  
8 
22 
8 1  
23 
42 
83 
83 
66 
36 
12 
-6 
- 12 
-12 
- 9  
-9  
- 9  
-6  
-12 
-12 
-12 
-12 
- 9  
- 9  
- 6  
- 3  
0 
-6 
0 
- 9  
- 9  
3 
0 
- 3  
9 
6 
0 
- 3  
0 
9 
- 3  
4.4 
360 
10 
0 
= 
- 
- 
- 
- 
- 
- 
- 13.5 
- 3  
- 6  
3 
17  
8 
3 1  
-6 
- 6  
n 
3 
11 
20 
-17 
-8  
11 
17 
25 
34 
42 
42 
45 
48 
36 
8 
3 
-17 
- 20 
-17 
- 17 
-14 
- 11 
-11 
-14 
-20 
-17 
-20 
-25 
-25 
3 
0 
0 
- 9  
14 
- 9  
- 3  
20 
-6 
-3  
9.0 
3601 
0 
15 
- 
- 
- 
- 
 
- 
TEST RUN 
DATA mms 
PRESSURE 
PWBES 
Z F T  
436 
VERTICAL 
437 
RAKE 
438 
439 
440 
441 
- 10.1 - 12.5 1.11 1.12 
0 0  
-3  0 
- 3  0 
0 0  
3  20 
17  48 
0 3  
0 3  
0 8  
0 6  
0 3  
17 40 
- 3  0 
- 3  0 
- 3  0 
- 3  0 
- 3  0 
- 3  0 
- 3  0 
-3  0 
- 3  0 
-3  0 
-3  6 
34  85 
9 31 
0 3  
0 0  
31 74 
0 14 
40 93 
37 82 
40 90 
34 82 
-16 -34 
6 9  
- 3   - 6  
20 48 
22 56 
0 - 3  
- 3   - 9  
0 -6 
0 6  
6 9  
0 - 3  
0 0  
0 -6 
9 21 
0 - 3  
1.15 4.2 
3 
3 0  
-6 3 
-3 3 
-3 
6 6 0  
19  3 
0 0  
3 - 3  
6 - 3  
11 3 
6 6  
17  59 
0 -6 
0 - 6  
0 - 3  
0 - 3  
0 - 3  
0 - 3  
0 - 3  
0 - 3  
0 - 3  
0 - 3  
0 0  
0 34 
0 110 
0 0  
0 0  
0 115 
0 26 
0 146 
0 126 
-6   93  
0 141  
-20 9 
-20 -30 
-20 -11 
- 9  59 
8 75 
0 9  
0 0  
- 3  - 9  
- 3  20 
6 23 
0 0  
3 0  
0 - 3  
0 41  
0 0  
2.65 2.6 
3600 3601 
20 0 
- 0  
- 
8.4 8.3 __- 
HITS 
51  26 
31  14 
54 23 
5 1  29 
71   17  
- 3  26 
" 
-31 -20 
17 3 
-23 14 
99 37 
48 57 
a2 82 
94  3 
57 0 
96 -3  
05 0 
85 -26 
82 -17 
71  -26 
5 1  -11 
74 -28 
45 -6  
31 0 
23 - 9  
62 -6  
62 - 3  
- 3  8 
68 - 6  
-11 - 3  
48 - 8  
65 11 
57 26 
57 11 
17 - 3  
45 23 
43  14 
48 - 6  
-40  17
3 50 
9  26 
29 -6  
3 35 
6 12 
9  29 
3 0  
- 3  9 
32 65 
20  44 
9.0  9.0
3600 36C 
10 0 
0 0  
Essl 
14  
3 
0 
- 16  
1 6  
22 
3 
3 
14  
- 
-6 
- 6  
- 6  
- 9  
6 
14  
0 
0 
3 
14 
- 
3 
5 
3 
15 
5 
30 
20 
22 
3 
15 
5 
25 
- 
- 25 
-8 
58 
69  
1 9  
22 
63 
55 
38 
- 5  
52 
85 
- 
2 F r  
442 
VERTICAL 
443 
RAKE 
444 
445 
446 
447 
-3  
17  
11 
28 
411 
410 
412 
413 
6 F T  414 
rloRI2oNTAL 415 
RAE 416 
417 
418 
419 
420 
421 
422 
;: I :: I :," 
39 197 167 
11 89 77 
74 145 184 
-14 17  0 
-11 20 36 
-11 - 8  44 
-11 3 41  
-11 -10 -36 
-19 -42 -52 
-9   -17  19  
-9  -27  36 
-6  0 36 
- 3   - 1 0   4 1
-3   -27 3 
0 0 69 
-3  -15  49 
-6  5 19  
- 6  5 -44 
- 6  3 27 
-11 -10 44 
-11 - 3  41  
3 18 - 
-12 0 - 
9 16  - 
~ 
423 
424 
425 
426 
fin 
HORIZONTAL 428 
427 
RAKE 429 
4  30 
431 
432 
433 
434 
435 
- 9  
- 1: 
-12 
- 9  
-6  
-6  
- 24 
-10 
-30 
21  
3 
19 
- 3  
12 
- 3  
- 3  
- 3  
40 
- 3  
4.45 
3600 
 
400 
401 
402 
W T I C N  
M 
403 
bODEL 
404 
405 
406 
407 
408 
409 
- 3  
- 6  
49 
-3 
21  
-3 
3 1  
0  
2.65 
3600 
0 
15 - 
119 CR-1180 NASA-Langley, 1968 - 28 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
WASHINGTON, D. C. 20546 
OFFICIAL BUSINESS FIRST CLASS MAIL 
POSTAGE AND FEES PAID 
SPACE ADMINISTRATION 
NATIONAL AERONAUTICS AP. 
"The aeronautical and space activities of the,_/$ed Stntes shall be 
.condz~cted so as do colztribzlte . . . t o  the expansion of h z m m  knozvl- 
edge of phenomena in the ntn~osphere and space. The   Adminis tmt ion  
shall provide for the widest practicable and appropriate disseminaiion 
of informntion concerning its actiwities and the resdts thereof." 
-NATIONAL AERONAUTICS AND SPACE ACT OF 1958 
NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS 
TECHNICAL  REPORTS: Scientific and TECHNICAL  TRANSLATIONS:  Information 
technical information considered important, published in a  foreign  language considered 
complete, and a lasting contribution to existing to merit NASA distribution in English. 
knowledge. 
SPECIAL PUBLICATIONS: Information 
TECHNICAL  NOTES:  Information less broad derived from or of value to  NASA activities. 
in scope but nevertheless of importance  as  a Publications  include  conference  proceedings, 
contribution to existing knowledge. monographs,  data  compilations, handbooks, 
TECHNICAL  MEMORANDUMS: 
Information  receiving  l mited distribution  TECHNOLOGY  UTILIZATION 
because of preliminary  data, security classifica- PUBLICATIONS: Information on technology 
tion, or other reasons. used by NASA  that may be of particular 
CONTRACTOR  REPORTS: Scientific and 
interest in commercial and other non-aerospace 
applications.  Publications  include  Tech Briefs, 
technical information  generated under a NASA .-,-echno~ogy Utilization Reports and N ~ ~ ~ ~ ,  
contract or grant and considered an  important and Technology Surveys. 
contribution to existing knowledge. 
sourcebooks, and special bibliographies. 
Details on the availability of these publications may be obtained from: 
SCIENTIFIC AND TECHNICAL INFORMATION DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Washington, D.C. 20546 
